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\
fieasurements of the pressure couise in dust-laden air flows prior to
and following curves of various configurations indicate the pressure drop
caused in a permanent manner by the curve. This pressure drop is caused by
the energy consumption during the reacceleration that follows the furn and
is required to compensate for the friction that develops. The measured va-
lues cheracterize the transition between the ultimately developed states of
the transport process before the turn and upstream. Ve
[N

\ \

Definition of the problem

A significant portion ¢f the total pressure drop in the pneumatic
transpori of powdery substances is attributable to turns in the conveying
flow.In the application cases to be discussed Tirst, we shall mainiy deal
with continuously curved tube arcs and -- in the case of larger diameters --
with segmental curves or tube elbows with vanes that are easy to manufacture.
The conveyor conduiis investigated have nominal diameters of Tess than app-
roximately 300 mm. No results of systematic studies of turn losses caused
by the conveyed substance have been published so far.
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‘G, Weidner [1] calculated the velocity loss of a grainy substance in
a tube arc assuming that the entire substance Tlow glides along the back of
the curve, subject to a friction Toss caused by a composite effect of cent-
rifugal force and the normal component of the weight of the substance, but
not to propellance by the air flow. The corresponding flow 710ss is the same
as the pressure drop that is consumed by the acceleration of the substance
in the subsequent straight tube to the initial velocity as it enters the cur-
vature. The results of this theory arc -- within a relatively large scatte-
ring of the results -- about the same as the turn losses observed in the pne-
umatic cnonveyance of seedy fruits.

The author [2] establishad in an earlier report these losses in a 90°
“tube arc with various degrees of curvature for spherical cast-iren granules
as the conveyed substance. The results of the measurementis agreed roughly
wi. the nstimated values that correspond to a substance flow braked to zero
velocity at the exit from the curve.

The main purpose of the tests described below is to elucidate some
problems that periain to the design of conveyance paths with relatively large
diameter, such as coal dust pneumatic lines in large-scale firing installa-
tions. Accordingly, the investigation was restricted to low substance loa-
dings. In the above-25 m/sec air velocity range selected for study, the gra-
vitational force had a relatively insignificant effect on the conveyance pro-
cess compared to the inertia resistance of the particles and to the conveying
power of the air flow.

Experimental setup and method

The experiwenial setup ig illustirated in Fig., 1. The conveying aiv
Taden with dust Tiows from the outside through the rounded entry a into the
conveying system: the dust is added in a uniform manner at b. It flows
through the measuring sites ¢ and d, the precipitation cyclonn e and efflu-
ent air exit f to the exhaust connection. The conveyed substance precipitated
in e flows by itself from collecting vessel g_into a closed flow through
tube conduit h and thence into the open funnel i of a rotating tube dispenser
k that may be “adjusted for r.p.m. in a continuous manner and that effects the
dosage of the substance admixed once again to the air flow. The substance
column in tube h %t the bottom cpen end of which the substance flows out
freely into funrel i serves as a seal from the Targer external pressuve. The

creeping flow teat enters the system through this porous column 1s insigni-
ficantly low compared to the flow of the conveying air

I LvrtTG y o

. The exhaust air flow
is righted in tube " f and is then measured further downstream with a standard
diaphragm.
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The tuirn Joss in the 90° curvature 1 is obtained from the co.rse of
the static pressure in the straight measiring sections ¢ and d, taken over
a total of 45 small measuring tubes in the tube wall and indicated by a se-
ries manometer.

The turn losses established 1n preliminary tests on simple tube cur-
ves at air flow rates of somewhat move than 25 m/sec turned out to he inde-
pendent of the fact whether the conveying flow turned in the horizontal plane,
in the vertical plane or from one nlane inte the other. It was therefore pos-
sible to restrict all subsequent determinations ta one given spatial confiqu-
ration of curves, specifically, to vertical upflow turncd into horizontal.

Fig. 2 illustrates the details of the test section, showing inlet
tube a, exhaust tube b, and test curve ¢ between these two tubes. The con-
veying tube has a diameter of D = 150 mmi.d.in the vertical section, con-
verging 16 a lower diamcter of 125 mm along a distance of | meter. In this
manner it became possible to shorien considerably the Tength of the straight
saction regquived to perform the conveying function. The length of the hori-
zontal runout section after the curve is about 7.5 m or 50 D. From among the
pressure-measuring sites d, the first (A) is at the beginning of the test
section and the secend (B) at its end: these assume particular significance
with respect to the pressure course, as shall be shown later,

Quartz and coal dust, pneumatically separated into a fraction with
smail particle size between approximately 0.05 and G.3 mm, served as the
test dust conveyed. Within these Timits, the measured turn losses were Tound
to be independent of particle type for all practical purposes. The particle-
size analysis for the quartz dust -- that was used soiely after the prelimi-
nary lestsand exhibited very 1ittle interngl friction -~ indicated

a residue of 1.4 76 86 90% at a
mesh width of 0.1 0.1 0.063 0.04 mm.

The particles nad a near spherical shape and smoothened the tube wall
to such an extent after a short test period that the friction coefficients
measured with unladen air conoformed to the Taws governing hydraulicaily
siooth tubes.

Characterizaticn of the turn 19ss

Course of pressure in the tube.

Fig. 3 illustrates the pressure course in an example along & conveying
path with (pp - p) as the diference between pressure pp at the beginning of
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the vertical neasuring distance (A in [ig. 2) and pressure p at the distanca
of x from the intersection point ot the tube axes at the curve. The two cur-
ves apply for equal air flowthrough.

In the entering flow hefore the curve and relatively distant down-
stream from the turn there develops a linear pressure drop with a constant
decrease Ap/ Ax.The extensions of the lines through the measuring points in
these regions of developed fliow determine, in their intersection points with
ordinate x = 0, the pressurc loss caused by the turn, dpy g or ap,. These
pressure jumps effectuate the transition irom the develaped flow state before
and after tie turn. In this expression. the pressure differences apyg and
Apgy corresponding, for exemple, to the mixed fiow in the linear pressurc
course, representing the distances XlO and Xgo reqnect1vely {as shown below
I0the Tiygure), Gre Thutpainas Glorie wamn LUuonsuluuth, ¢ that the pies-
sure jump Apy essentially characterizes the direction change of the flow.

Oi ihe basis of these considerations it is also pessible to directly
compare turn losses sustained in turns of various arc lengths, whereby the
same pressure drop betwezn identically located points (for example, 1 and 2
in Fig. 3) encompass the same turn loss Apy. In the other usually employed
definiticns of this loss [3, especially, p 788] in terms of the difference
between the pressure draps hetween paints 1 and 2, as well as the pressure
drop in a straignt tub of the same length, encompassing also the section
along the center line f the tube arc as a partial distance, this assumption
-~ which is of importa.ace in the present case -- does not apply.

The example di.cussed applies to a tube arc where the dust flows to-
gether into hard-to-separate strands as a consequence of the conduction at

~ Py 1
the curvature backs. "“ce'd.nqh, the constant piressiie ulup establishes 1t-

seif only after-a relalively long distance downstream from the turn.

In the case of a somewhat shorter distance, the conveyed goods, bra-
ked in the turn, undergo acceleration once more after an elbow in the chan-
nel, as shown in Fig. 4. The dust channeled layerwise by the vanes offers a
greater surface of attack to the air flow than do the individual strands be-
hind the tube arc. As a consequeince, a steeper pressure drop and -- further
downstream -- a chorter transition in the linear range of pressure distri-
bution will establish itself under the same conditions that are illuctrated
in Fig. 3 after the turn.

The tube friction ccefficient in_the literature

The constant pressure drop ap/ 4x in the developed mixed flow by a
straight tube at an angle of o to the vertical is expressed in the literature

-4 .
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in the following form [4; 5]:
Ap/ &X = G A*/D (1)

In this expression, q denotes the comnression pressure of the air flow and
A* denotes a coefficient that is analogous to the tube triction coefficiert
that encompasses, according to the expression

Momh (gt g st ), (2

the tube friction effect of the air ( Xy ) and of the dust ( whg g sina).

The tube friction coefficient AL was obtained in the tests without
dust { w = 0) from the pressure drop
(AP/ Ax) 0 = q;\ I/Di

u: L

corresponding to the inclinalion of the extrapolation lines with respect to

the upper curve in Figs. 3 and 4. The A values obtained are plotted vs the
Reynolds number

Re =wD/v - (3)
of the air flow in Fig. 5, and compared with the Prandtl Taw
1/ AL = 2 10g'% (Re /7y) - 0.8. (a)

The mean deviation of the wieasurement results from this law is within the
limits that correspond to a measuring uncertainty of approximately + 1.5%.

The friction coefficient Ag p of the dust in the case of pneumatic
fly conveyance is a function of the two Froude numbers

r=w/ gD aind Fr* = wg/v gD {(9)

where w denotes the air velocity and wf denotes the equilibrium falling ve-
locity of a representative dust particle [4; 5; 6]. As the value of the pa-
rameter Fr increases, the effect of the gravitational acceleration g beco-
mes less of an influence on the movement of the substance in the tube. Thus,
the friction coefficient Xs.R will assuni@ a constant value above a boundary
value of Fr that decreases with decreasing values of Fr¥,




Comparison with the test rvesults
in the tests, Frowas > 20, Fr* was < 0.5, and the related dust con-

tent was p < 1.5. Under these conditions, the pressure drop measursments

( ap/ Ax) in the flow that developed in the horizontal tube ( « = 0) behind

the channel elbow (Fig. 4) had the average value of '

}‘S,R = 0.002 (6)
which reugly was comparable to the values reported in the literature [4; 6].

The largest deviations from this value, representing but o correction
in this case for the determination of the turn loss in comparison to the :
friction coefficient Ay, were in the amount of + 0.001 at the boundary of i
measuring uncertainty for the pressure drop Ap in the developed flow. For i
a satiefaz*tarily accurate measurement of the pressure drop |

( ap/ ax)p = (p2 - pp)/(Xg -~ Xg2)»

the amount of remaining tube scction downstveam -- the length xp - Xy of
which decreased with increasing dust content y -- was too short in most of
the curvatures investigated.For this reason, the incliuation of the extra-
polation lines E - 2' (Fig. 4) was calculated with A from Fig. § by using
the expression

( ap/ ax)z = [q( A + 0.002 w)1/0. (7)

From this and of the value of pressurc pp ac¢ the last measuring site (x = Xg)
the xtrapolated pressure at the ordinate x = 0 was

pp' = pp t ( Ap/ AX)p xg. (8)
In the vertical upflow before the curve, the pressure drop
(ap/ ax)y = (el Aap +u (A5 p +Ag,6)1)/0 (9)

estahlishes itself according to Equations (1) and (2) with @ = ©0°. Under
the assumption -- valid in approximation -- that the velocity of the dust
and of the air are the same in the developed flow, the followinyg expression
applies for the coefficient As .G (chat considers the weight of the dust) ac-
cording to [6; 7]:

2

A’S,G': 2/(Fr) ’ (]0)

where Fr dJenotes the Froude number according to Equation (5). If Fr> 20,

-6 -




which was the case in all tests, thc effect of weiqght disappears insofar as
it arfects wall friction. As a result, the friction coofricient g p hecowss
independent o7 dnclination angle «, and the nuericol valoe esiablished in
the horizontal tubv: remains vaiid, according to Lguation (b}, for the verti-
cal tube giso. The fricticn coefficient As ok quoted by the auihwor in an ear-
Ter report [7] and which corresponded with the values re pmted dn LY, aic
obviously tuo high al Ay - 0.G0b. U is likely that the tlew was then nos
fully developed in the vertical measuring section.

The pressure drops ( Ap/ Ax)y oblained froit kquation (9) with X,
from Fig. 5, Ag p = 0.002, and Ag G ds in tyuation (10) agreed satistactorily
with the values ‘measured in the vértical tube. Otherwise, the extrapolated
pressure p1' could he determined precisely in a direct manner from the linear
pressure distribution measured up to the entry into the turn (Figs. 3 anc 4).

Fx@“nﬂfir‘" nf thae C\;l.\lzu‘h

D tube diometer

R Mean hal® dizneter of the cirvcular arc turn

. mass flow of the conveying aiv

Mg mass flow of the conveyed substance

p stutic pressure

a =(p/2)w" coppression pressure of the conveying air flow
W = /(p ™ D°/4) mean air velocity

X length coordinate of the measuring section

4py prossure dirop caused by the turn

af = apy/q related turn loss

rg: I related turn losc for e = 0 and = 1, vespectively

%S = ¢y - gy contribution of the dust to the turn loss

A tube friction coefficient

" = aig/h related dust content (lvading)
V,p mean values of kinetic viscosity and density of the con-

veying air in the measuring section.

The pressure drop Apy = py' - p2' was determined according to this
method in a total of 24 model turns at air velocities between 25 m/sec and
45 w/sec and loadings between p = 0 and approximately 1.4. The related turn
losses

zy = Apy/q (1

turncd out to be independent of the air velocity w and thus -- within the
ahove-mentioned ranges corrvesponding to w within the above boundary values --
also of the Froude and Reynolds numbers that occurred in a relatively narrow
scattering range of the test results. Accordingly, the only factor that

-7 -
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veicing to he censideved within this representalion for the Ty loss coeifi-
aent is the velation betwecn the related dust content o ane the turn Tocs.

Retaiions beicen presanre dran ond dust content
The luss coefficients Ly doterimined at the above-tentioned two turns
(Fias. 3 and 4) are plofted v in Fia, 6. The vesulis may | characterized

by a Tine that satisfies the expression

wy - oig toe {5 - xg) (13)
with the parameters

ATERIR for w = 0 and ryy = i forpu = 1.
The medan scattering of these Vines, the inclination

(14)

~
w
1
o
—
1
'
]

of which characterises Lhe turn Toss caused by the Jdust, 1s + 2,07 in the BN
tube are later to bo designated as No 1 (Teble 1), The corresponding value is
approximately +3.5%in the case of the channel elbow with quding vanes (No 22),
and approximately + 3.0% in the averace ot 211 measurements. This uncertainty
that encompasses all measured fluctuations within the limits of

2.5-10°2 Re T 4.5- 105

and

overshaduvs the coefficients relating to the Toss coedicient gy within
these ranges.

Only the tube arc with the .ean half diameter R = 5D (No 3 in Table
1) deviated from the linear relation between the parameter gy determined in
accordance with the above method and loading p, for values of p > approxi-
mately 0.6. Vhe dust strands daveloped in the gently curved iurn were not
fully resolved by the end of the horizontal measuring section, and thus the
flow did not develop at the last pressure sanpling site E (Fig. 2). As a
result, the pressure pp was the initial value for the pressure py' according
to Equation (8): this was too high, so that too low gy values were obtained.
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Tthe confinmrations amd dirensions of the tiens investioated are
in table |, T peee T Wheve sebare or o voctbanaa lar camneslion ovase oot
chanded Lo vutind voacs, dhe Lransicion eleiaent, idade irom sheel metal, hac
shape as shown i kio. 7. Theae conrection oirments are to bhe recarded af
PORCHT PAVis G W oo s e Db P ainc 0TS a R G T0e0)
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rate the lesses in the (ransytion tirn.

Ty the scqment turns ., nodeactes Uie nusbee of sequients, with the
COntecting clawents Helng cotgesd o o seotiens . As shown dn Uiel 8, the
elbow planes intersect in a poie with the angles of Ag = 90°/n, The Tirst
and e Tast of dhese planes forw the anale ot A /¢ with the perpendicyl

planc: of the adjoining tube.

The tour-cdage tabe aron widh sguare or rectanau!ar oo . secvion
ture a much lower degree of Toca? altrition in comparison we-io civeuler 1
turns, and also the ability of boing made of thick-vwadled witerial where
the visk of attrivion s hial (Guch as ab the Lurn backs).

The channel elbow with square connecti m cross section, rounded o
ners, and curved guiding vanes (Nos 27 and 20) corvesponrds o tuins in Ti
giv and gas conduits such as dare {found in stean generators wheore for the
o7 simplicity civcular-cylindrically bent 96Y vanes were selected. One o
quration shaped in consideration for simplified construction with such a
is the channel olbow with chamfered corners and plane guding sheeils (Nos
and 24).

The turn loss in pure air flow

The velated turn loss

g = APu a/9

in a non-loaded air flew ( 1= = 0) deponds salely on the keynolds nusber .
the tube flow Tor a given turn contiguration. The test rvesults tor a cir
lar tube arc were described comprehensively by i, Richter [8]. The caorre
ponding parameters g relate to a represenlelion oT ihe pressure course
which the ordinate x = Q0 is determined by the center of the evnlved arc
than by the intersection of the two tubez axes (Figs 2 to 4). In the 90°
the value cé differs from the loss coefficient Ly in Table 1 by the rela
wall friction pressure drop

-9 .
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i a tube section that equals the difference between the shanks of the right
angle and the inscribed quarter-circle arc with half dianeter R. Fur the turns
investigated here, this correction is within the scattering range of the re-
sults reported in [8]. Their remarkable divergence is a manifestation of even
slight experimentul errors on the pressure drop ADU o obtained by eerapo1a-
tion. Accordingly, the relation between the parametér g and the Reynolds num-
ber was overshadowed by measuring inaccuracies in the present tests also.

Larger tuin losses are caused by the fact that the fiow detaches it-
self from the inner sides of the turn wall. Accordingly, the loss coefficient :
to of the tube elbow (No 4) is quite hiah. Huch smaller turn losses are evi- |
dent in the seamental turns as a result of lesser detachwent (Nos 5 to 8); '
Liese values diifer little from the lousses in continuously curved tube arcs !
if the number of segments is n> 3 (Mos 9 and 10).

The smailest loss coefficient r, was measured in the feur-edge tube '
arc No 12. Tn this arc, the flow decelerates according to the crouss section
increase of ( w/4) D¢ in the tube to D2 within the turn, so that the iurn
loss becomes smaller in comparison to the circle tube arc wi Lh same curva-
ture (No 2). If the half diameter of the curvature is small, R, (Ne 11),
this effect of velocity decrease i< not evident as a ccnsequence of the de-
tachment of the flow at the inner side nf the turn. An additional ronveyance
of the flow in an otherwise equal turn by meens of an intermediate wall {(Ne
13) has a similarly beneficial effact as an incr~ase in the half diameter R.
This deliberate improvement is not reaiized, however. if R is large to start
with. Thus, tie additional friction losses overwhelm the detachment lacces
that decrease at the intermediate wall (No 14).

In the four-edye tube arc with square cross saction (No 15 and 16)
the very same loss coeffirients gy are obtained &s in the circular tube arcs.
The same applies also to - model with a crose section that increases towards
the turn diagonal (Nos 17 and 18).

In the four-edge tube elbow (Mo 19),detachmens of the flow at the
inner edge causes a large turn loss, same as it does in the circular tube
elbov (No 4). This loss decrecases markedly if the circumflowed edge is roun-
ded (N> 20). Curved guding vanes cause 3 further decrease of this lass (Nos
21 and 22). Cn the othcr hand, inclined chawfering of the guding sheets and
the incorporation of guding sheets at an anrgle (Nos 23 and 24) are less fa-
vorable in this respect.




The turn loss caused by the dust

The turn loss caused by the dust is shown in the last column of Table
1 as the parameter zg. In this respect, the circular tube arc No 2 with the
curvature half diameter R = 2.33D in .he optimum range is <specially favor-
able. The circular tube elbow (Mo 4) should not be given consideration for
pneumatic conveyor insiallations. Insofar as the evaluation according to the
parameter gy is concerned, the segmental turns are in the medium spot. The
four-edge tube arcs with mean curvature half diameters of about three times
the channel width are rated much higher. ¥here R = 1.5D (No 11), the parameter
tg is markedly higher. In arcs of this type, the turn is facilitated by an
intermediate wall (o 13). A wall of this nature is advantageous even if the
half diameters are larger (No 14, in contrast to No 12). Brcadening of the
turn cross scction in comparison to the adjoining tubes causes no significant
change in the loss coefficient rg {Nos 17 and 18, in comparison to Nos 15
and 16).

The four-edge tube elbow is unsuitable for the conveyance of dust-
laden air. The non-~stationary movement of the dust deposited in the outer
corner turbulences, that falls back into the main flow in a roughly perio-
dic sequence; this was described in an earlier report[9]. The channel elbow
with rounded corners, often employed in large installations, should be exe-
cuted with guding vares in sufficiently dense chingle-1ike layering (No 22).
The consiruction with two insufficiently overiapping guiding vanes (No 21)
is no more favorable in terms of loss coefficient zg than the channel elbow
with gudiny sheets and chamfered edges (Nos 23 and 24).

Construction and finishing considerations

In practice, it is desireble to have both low turn losses in the air
fiow and constructions that are not subject to undue attrition, as well as
are easy to construct. The circular tube ar. has the disadvantage -- as a
consequence of its large Tocal attrition loss at the outer flank [10] and
the rather expensive nature of its construction. Segmental turns are both
relatively easy to manufacture und resistant to attrition Tosses. In the
case of the four-edge tube avc, the strong local attrition Toss may be com-
pensated for by using a thicker tube wall. If an intermediate wall is fitted,
then the attrition Toss is distributed between this wall and the back of the
turn (turn Nos 13 and 14). Favorable attrition loss distribution is achieved
in the four-edge tube elbow with guiding sheets (Nos 21 to 24) also.

There exists no clear-cut trend between Tlocal attrition and turn
10ss. Thus, for example, the four-edge tube elbow (No 19) turned out ~ur-
prisingly attrition~-resistant in coal-dust conduits, whereas the tube arc --
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favorable from the flow-technological angle -- exhibits an acceptably long
service Tife only if its wall thickness is very large.

In many ins%ances, only one of the following thiee reguirements, viz.,

small turn loss,
attrition-resistant construction,
ease of construction,

will govern the szelection of a turn configuration. In v case cf small tube
diameters, the circular tube arc should be given favor. : consideration in
most instances. [f the conveyed matter is relatively soi. (such as sawdust),
and the tube diameters are large, then the circular tube segment turn is most
suitable. On %the other lLand, if the conveyed substance is abrasive, the four-
edge tube arc is preferabie in the medium tube diameter range, and the tube
elbow with guiding vanes is preferable in the large tube diameter range.

The velocitly difference between dust and air

The pressure drop

Apg = Apy - Apy,0 = ¥ Q&g

applies to the turning of the flow of conveyed substance. Assuming that the
wall friction of the dust in the exhaust flow tube is sufficiently conside-
red in terms of extrapolation prossure drop ( Ap/ Ax)p, the pressure drop
Apg will be consumed essentiallv = the re-acceleration of the dust that
had been braked in the turns. .:@ course of this, the dust velocity in-
creases frem the mean value ¢ .. the exit from the turn by the amount of

Ac = w - ¢ to the mean air velocity w. The impuise increase mg Ac of the
dust flow Mg is then the same as the pressure force ApgF, where F denotes
the constant cross section of the exhaust flow tube, Accordingly, with

(S I

rhs = ujwF
the foliowing expressicn applies:
ApgF = 1 q;SF = powF Ac = 2 pqF { Ac/w) or g = 2 Ac/w
This simple relation connects the loss coefficient gg with the in-

crease in velocity ac in the exhaust flow tube or with the velocity decrease
of the dust in the turn that corresponds practically te the conveyed subsiance.
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The smallest value measured in the tests, gg = 1.19 (turn No 2) thus indica-
tes that the dust velocity decreased by approximately 60%, i.2., to 40% of
the mean air velocity. At the highest value of Lg * 2.82 (No 19), the dust
velocity would have decreased by Ac >w, i.e., to a negative value. Indeed,

there are instances in the four-edge and circular tube elbows where the dust
progresses locally backwards.

Generaljzation of the test results

The turn losses relate, by definition, to a process with developed
flow at the turn entry with developed flow at the exhaust flow also. In con-
veying systems where there are only shart straight tube sections, for ex-
ample between two turns in which the flow does not develop fully, there is
no physically unambiguous definition of the turn losses. In cases of this
type, the loss coefficients in Table 1 have only a relative meaning.

An analysis of the test results, taking into consideration the att-
rition traces abserved in the turns investigated, leads to the assumption
that no basically different findings are likely for turns with other confi-
gurations such as elliptical arcs. Thus, for example, the relatively smail
difference between the Toss coefficients ¢ of so widely differing turns as
Nos 2 and 22 indicates that any minimum value for this coefficient would not
be significantly lower than the minimum value of gg = 1.19 (tube arc No 2)
encountered in these studies. An increase of the cross section of the inlet
tube, resulting at a lower dust entry velocity, will not cause a decrease
of the turn loss coefficient 43 either. Delaying of the dust in the inlet
flow and re-accelerating it in the turn is, according to a calculation based

on an earlier study [7], more loss-producing than the process in a constant
cross-section tube arc,

The preliminary tests with coal dust riv. nractically the same re-
sults as the tests in which guartz dust was the conveyed substance. Accor-
dingly, it is 1ikely that there is no substance specificity in the behavior
of dusts in turns. BUWK 322
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Fig.

Fig.

Fig.

Fig.

Fig.

L2

CAPTIONS AND LEGEWDS

Test setup. a) Tube inlet; b) dust addition; c,d) measuring secticn;
e) precipitation cyclone; f) exhaust air tube; g) dust collector;

h) tube chute; 1) funnel; k) dust rotating-tube feeder; 1) turn
(model curvature)

. Measuring section. a) Inlet tube; b) exhaust tube; c) model turn;

d) pressure measuring sites; A) first pressure measuring site in a;
E) Tast pressure measuring site in b; 0) starting point of longitu-
d¥nal coordinate X.

. Example of a measured pressure distribution before and after a cir-

cular tube arc (Model Ko 1 in Table 1). Curve a for uniaden air flow;
curve b for the seme with g = 0.80 kg dust per kg air in the flow.
Air velocity in the tube w = 33.7 m/sec; air density 1.125 kg/cu m.
PA static pressure at the first measuring site (A in Fig. 2); p sta-
tic pressure at the distance x from the intersection point of the
tube axes.

. Pressure distribution before and after a channel elbow with guiding

vancs (Model No 22 in Table 1) under the same conditions as in the
example shown in Fig. 3.

. Comparison between the measured tube friction coefficient i and the

Prand?l law for turbulent tube friction in developed flow.

Meag "e.at d ¢

sured
and Table 1) a

n 1
Er} 1

urn 1655 10 turins No 1 and 22 (cf. Figs. 3 and 4,
a function =

3
on of loading. y (zy = turn loss)

. Channel elements for the transition from round tube to turn. a) Trans-

ition from circular to equally wide s.uare cross section (turns 11 to

14 and 17 to 24); b) transition from circular tc equally large square -

cross section (turn 15); ¢) transition from circular to equally large
rectangular cross sectijon.

Fig. 8. Circular tube segmental turns.

- 15 -




Table 1. Dimensions and lose cocfficients of the turns investigated.
1) No.; 2) designation; 3) configuration and cross section; 4)
dimensions; 5) loss coefficient; 6) circular tube turns; 7)
arc; 8) elbow; 9) segmental turn; 10) four-adge turrs; 11)
arc; 12) transition as illustrated in Fig. 7a; 13) arc with
intermediate wall; 14) arc with square cross section; 15)
arc with rectangular cross section; 16) see Fig. 7b and 7c;
17) arc with variable cross section; 18) elbow; 19) elbow
+ith guiding vanes; 20) two guiding yanes; 21) five guiding
vanes, see Fig. 4; 22) elbow with guding conduiis; 23) two
guiding conduits; 24) four guding conauits.
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Table i, Dimensions and los: coefficients of the turns investiocated.
1) No.; 2) designation; 3) configuration and cross scction; 4)
dimensions; 5) loss coefficieniy 6) circular tube turns; 7)
arc; 8) elbows 9) semental turns 10) four-edge turns: 17)
arc; 12) transition as illustrated in Fig. 7a: 13) arc with
intermediate wall; 14) arc with square cross section; 15)
arc with rectangular cross section; 16) see Fig, 7b and 7c:
17) arc with variable cross secticn: 18) elbow; 19) clbow
with guiding vares; 20) two guiding vanes: 21) five aquiding
vanes, see Fig. 4; 22) elbow with cuding conduits: 23) iwo
guiding conduits; 24) four guding conduits.
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